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烯醇 PVA（polyvinyl alcohol）修饰的 CNTs 表面。PVA 能显著提高 Fe3O4纳米
粒子在碳纳米管表面的负载量，增强纳米粒子与碳纳米管的结合力。运用 SEM 
和 TEM 对材料进行了形貌表征，结果显示碳纳米管被直径介于 10～25 nm 的
Fe3O4 纳米粒子均匀覆盖，形成了有效地包覆壳层。充放电测试结果表明
CNTs-66.7wt.%Fe3O4 电极经 145 次循环后仍能保持 645 mAh.g
-1 的充电容量，具
有很好的循环稳定性。导致 Fe3O4/CNTs 复合材料性能提高的原因可归结为：


















                                        中文摘要 
 II
在本论文的第二部分，采用了一种简单的有机液相高温反应成功合成核壳结
构 SbCu@C 纳米粒子。改变还原步骤的温度，可以制备出 100 nm 和 25 nm 两
种大小的核壳 SbCu@C 纳米粒子。提高置换液的量以及延长回流时间可以产生
半空心结构。通过电镜观测发现 SbCu@C 纳米材料具有特殊的 C 壳层，内部为
纳米级的合金与单质混合，并具有半空心形貌。通过电化学性能测试，100nm-
核壳 SbCu@C 纳米粒子在第 50 圈循环仍能保持 520.8 mAh.g-1 的可逆容量。相比
之下，25 nm-核壳 SbCu@C 纳米粒子其储锂性能有较大的提高，在第 100 圈仍
有 527.2 mAh.g-1 的可逆容量。具有空心结构的 25 nm-核壳 SbCu@C 纳米粒子经
400 周循环后，其可逆容量保持 230 mAh.g-1。相对于商业化的炭材料具有明显的
优势，具有积极的应用前景。 
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Abstract 
Carbonaceous materials have been the leading commercial anode material for 
lithium battery in the past decades. The development of the portable electronic 
equipment and the battery cars proposes a higher request to the lithium ion battery. 
However, due to the low theoretical capacity (theoretical specific capacity 372 
mAh.g-1) and low charge-discharge rate, the carbonaceous materials can't meet the 
new demands of high capacity and high rate charge-discharge.  
The nanosized transition-metal oxides have been investigated as possible 
candidates for anode materials in lithium ion batteries due to their high specific 
capacities and safety benefit for avoiding the formation of Li dendrites. The reactions 
of these materials with Li+ include the thermodynamically reversible formation and 
decomposition of Li2O. Among those,  iron oxides are one of the most ideal 
materials thanks to its low cost and low environmental impact. The Fe3O4 electrode 
has higher theoretical reversible capacity (926 mAh.g-1) when discharging to 0V 
versus Li metal for one Fe3O4 can react with about eight lithium ions. Nevertheless, 
the Fe3O4 anode materials suffer from poor cyclic performance owing to 
agglomerations and huge volume changes during lithium insertion/extraction. Several 
strategies can be used to reduce this problem, for example, preparation of 
nano-architectured materials and core-shell structured materials and nanosize Fe3O4 
/carbon composite. On the other hand, carbon nanotubes( CNTs) have attracted much 
attention because of their high electrical conductivity, mechanical strength and 
chemical stability. CNTs electrodes can react with lithium ion at a lower potential and 
accommodate drastic volume variation during discharge-charge cycles due to its 
network structure.  
In the first part of this thesis, to take mutual advantages of carbon and Fe3O4, 
experiments were concerning on that nano-sized Fe3O4 particles were deposited and 
dispersed spontaneously on the surface of PVA-decorated CNTs. In this study, 
polyvinyl alcohol (PVA) was used as a hydrogen bond functionalizing agent to 














Abstract                                        
were loaded on the surface of CNTs and also showed good adhesion.The surface and 
microstructure morphology were characterized by SEM and TEM. XRD detected the 
crystal structures of CNTs/Fe3O4 and Raman was used to measure character changes 
in CNTs sample before and after precipitation. These formed composite materials 
were smeared on current collector as anode electrode of lithium batteries and tested  
on charge-discharge cycles. Electrochemical tests indicated that, at the 145th cycle, the 
CNTs-66.7wt.%Fe3O4 nanocomposite electrode can deliver a high discharge capacity 
of 656 mAh.g-1 and show stable cyclic retention. The improvement of reversible 
capacity and cyclic performance of the Fe3O4/CNTs nanocomposite could be 
attributed to the nanosized Fe3O4 particles, the network of CNTs and the bridge 
connection role of PVA.  
   Moreover, except the transition-metal oxides, Sb-based alloys also show high 
specific capacity as anode materials. However, Sb-based alloy anode materials exhibit 
rather large capacity loss at the first charge/discharge cycle as well as capacity fading 
during cycling. These phenomenas are considered to be caused by the following 
factors: formation of a solid electrolyte interphase (SEI) on the surface of the material; 
decomposition of the surface oxide; irreversible trapping of Li ions by host atoms; 
serious aggregation of metal particles and large volume change during cycling. Using 
superfine intermetallic compounds and active/inactive composite alloy materials can 
provide large capacities with acceptable irreversible capacity in the first 
cycle,although cycle life remains problematical. Recently, some extensions have been 
carried out to alleviate these problems, for example, synthesise of low size particles 
and C-coated materials. The small particles, preferably with nano-dimensions, are 
thought to exhibit high capacities and high rates.  
      In the second part of this thesis, we synthesized core-shell SbCu@C 
nanoparticles through high-temperature replacement and carbonization reaction in 
organic solvent (Triethylene glycol ,TEG). Changing the synthetic conditions enable 
us to controll size and shape of SbCu@C nanoparticles. We can both obtain big (100 
nm) and small (25 nm) SbCu@C nanoparticles by varying the reduction temperature. 
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 V
material lead to produce the half hollow SbCu@C nanoparticles. Then we smear these 
formed nanomaterials as anode electrode of lithium batteries and tested the active 
materials’electrochemical performance. The charge-discharge tests show that 100 
nm-SbCu@C nanoparticles electrode had a reversible capacity of 590.3 mAh.g-1 and 
maintained 520.8 mAh.g-1 at the 50th cycle. Compared to the 100 nm-SbCu@C 
nanoparticles electrode, the small SbCu@C nanoparticles electrode had significant 
improvements in reversible capacity and cycling performance, with a reversible 
capacity of 527.2 mAh.g-1 at 100th cycle. The small hollow-type SbCu@C 
nanoparticles cell even can cycle more than 400 times with a charge capacity over 230 
mAh.g -1, which showed great advantage over commercial carbonaceous material. 
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第一章 绪论 
1.1 引言 
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